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Ti~crmal decomposition o f  the [c t ranuc tcar  nickcl i l l )  complex  Ni41q2-o - 
INH:)(NHI: 'hIC~,ItjI2iMeCNI2I.u.yOtl)2(p-()OCCMc3)4(q2-OOCCMco.? t l l  under an men  
ammsphcrc (o-xylcnc. 14() "C) ,,va>, invc,qigatcd Under these condiuon,~ the asymmetric  
binuclc;ir complex Ni21q2-o-iNH2'~(Nlll~h)C(,H411iql-o-(Ntl2j(Nl-.IPhtCl, l l a l iq2 j . t -O,O - 
OOCC,", ,Ie:}(,u-O.O-OOCCMcO2(q2-OOCCMuO (2) v, as l~rmcd al il]c lirsl ~,Iage. (.(m~plc\ 
2 wa~ con'.erred into the symrncIric direct Ni2[q I .o-{NIt_,){ NHPh)C~|I.deq.I-()OCCMcsLI (3) 
upoll I-',.'Cl3.'xlall{zali(.HI l'l'OIlt bcllZCIlC, fhc -dftlLlures or conlplc \cs  2 ;10d 3 WClC cxhlblishcd b', 
X-ray difFr:lcti(m analy~,is. 

Key words: c a r b o x y l a [ r  complexes ol IfiCkcl. svn lhcs ix  Mruc l t l rc .  lltag!lL' C properties. 

In recent ','cars. the chemical design of  carboxvlatc 
coFnpIcxcs OJ" IFCIllSilJOll []IClLllS ~,Vj[[I p.tzrlictllcIr MFLICILIFCX 
has acqu i red  grea t  in}por tancc  bccausc  these  COlllpOuildS 
can scr~c as nlodcls of  FI|CIaHOCIIZyII'ICS or ;-IF, good 
.~[arlhl~. rcagClllS for preparing new malcrials, l'z How- 
ever, this problem is often diff icult to solve duc Io the 
complexity o f  chcmicai mechanisms of  formal ion of 
carb(~xylatc c o m p l e x e s .  Only r ecen t ly ,  wc have  dc~,.cI - 
o p c d  a , , c r s a t i l e  p r o c e d u r e  for the  p r e p a r a t i o n  o f  
n ickel  d i m c r s  wi{h thc " C h i n a - l a n t e r n "  s t ruc iu rc ,  vi=, 
N i 2 L 2 I O O C C M c 3 )  4. where L ix pyridiuc or its subsli- 
tulcd dcri,,alivcs. 3 However. the reactions of nickel tri- 
ace ta te s  witll 1 . 2 - d i a m i n c s  ins tead  o f  py r id inc  dcri~,a- 
lives proceed according to a dilTcrcnt mccharusm to 
f o r m  t c t r a n u c l c 4 r  hydroxocarboxylalc complc\cs or  
nltnWmlcrs. 4.5 In the present  work .  wc s y n t h e s i z e d  Ni II 

dimcrs contai l lhlg lrinlcthylaccl:.ltC bridges :rod m(mo- 
dcmatc-coordinatcd dklmillC ligauds. 

Results and Discuss ion 

Recently. wc have dcm(mslralcd lhat fllcrmolysis o( 
the complex N i41 q2-o- N H 2)( N I-'I Ph)C(,H4 I;( :'VlcC N):m :- 
OH)4~a-OOCC~IcO~(q--OOCCMc=)~ (1) m nonpo- 
lar solvents (t]cp[anc or bcllZCllC) in air (g()~'C) 
r c s u l l c d  in part ial ox ida t ion  o f  the coordi -  
I]alcd diaminc molecules to form Ilte scmiquinoncdi- 
iminc monomer N i lo - (NH)JNPh)CaH4I  2 and ~vatcr, 
In t h i s  ca.,,c, anot i lcr  tc l ranuc lcar  complex, vi.-.., 
[.~N i4(p ~-O H )2( H O O C C  Me ~)4(~s- O O C C  Mc 3)(> 
(L = o - (NH2) iNHPh)C( ,H4 ) ,  was also obtained 
(Schcme I ).~' 
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Scheme 2 Table I. Principal bond Icngfl~s (d} and magnetic propcrlics (}1 
biuuclcar Bickel Irinletl'lytacchlles 2 and 3 
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i. Xylcne. Ar. 140 :{2": h rcc~st: l i l izal ion Iron1 benzene. 

It was li}und that pyrolysis o f  complex  I m xylenc 
under  an inert a tmosphere  ( 1 4 0 ~  did not ]cad to 
o \ i da t i on  of  diamine, instead, the coordinated acctoni-  
[rile molecules  were e l imina led  and the tctranucicar core 
underwent  dcslruction to lk~rrn the asymmetr ic  hi- 
nuc lear  complex N i 2 I q 2 - o - ( N H 2 ) ( N H P h ) C s H 4 I I q  I-o- 
( N H2) (  N H Ph }Ct, Ft4 ]{ q2,~ _ O, O - O O C C  ,M o - ) (u -  O. O "- 
( )OCCMc3)2 (q2 -OOCCMc3)  {2) (Schemc  2). h should 
be noted that complex 2 was nol the only reaction 
product  {the yictd o f t h c  complex  was 28%). Apparently. 

Paramcler (:onB~lcx "~ Complc\  3 

d./.~ 
Ni...Ni L 394(4 '}  2.4967(4) 
N i --- O( OO(" Ri~r;d~c'J 1.967(91-- 1.989( I~-- 

--2.1)t)0(9) --2.038( 1 } 
N i--(){ OOC Rd~cla~e.hr~d~,} 2.066{8)-- 

--2.094{8} 
N i - -  O( OOC R.ci]claie ) 2 :" 2.091 ( 8 ) -- 
Ni--N(NH2) 2 168(11), 2.038(1) 

2,087r I(}) 
NI--N(NPhH) 2.142(10) -- 
N(NH2)--C(C~,II 4 ) 1.44(2). 1.42(2} 1.435{2) 
X'(N Ph H }--CIC~,114) 1.43(2). 1.49{2) 1.404(2) 
N-C(Ph)  1.37t2). 1.407(2} 1.39qt2) 

t[,.~!( 296--77 K)/~.t B 2.65-.- I .~7 2. I 2--0. $7 

thermotysis of  complex  I wtis accompai ; icd  by the fo r -  
marion of o ther  compounds ,  which we fit[led to isolate 
and charclctcrizc. 

According to the X-ra2 diffraction data, the nickcl{il} 
atoms in complex  2 arc separated by a nonbondcd  
dist-lnce (3.394(4) .-\). The metal a toms arc linked via 
two bridging carboxyla tc  groups ( N i - - O ,  1.967(9)--- 
2.(}00(9) A: C----O. 1.22(2)--1.30(2) A; tile O - - C - - ( )  
aog!cs arc in tile range of  125.{}(1)--125.7(I)") and {.)tic 
chelate-bridging carboxylate  groLIp (Ni - -O ,  2,06618)-- 
2.094(8) A; C - - O ,  1.29(2} A; the O - - C - - O  angle is 
117.9{IF} (Fig. 1, Tabtc I). One {}xygcn tttt}lll o f  the 
latter group is coord ina ted  to boih FHckc] alOlllS, ~,,hcrcas 
file ~,ccond O atom o f  this carboxylatc group is coord i -  
natcd to only one  o f  the Ni a toms ( N i - O ,  2.199(8) .2k). 
The fourth carboxylatc  group is coordinated  to the o ther  
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Fig. I. Structure of asymmetric dimcric complo\  2. 
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metal a t o m  in a c h e l a t e  t e rm ( N i - - O ,  2 x 2 . 0 9 t ( S J  X; 
C - - O ,  1.20(2) a n d  1.29(2) A: the O - - C - - O  ang le  is 
I IS .3(I )~  T h e  c o o r d i n a t i o n  sphere  about  thb; n ickel  
a tom is c o m p l e t e d  wi th  the  n i t rogen  a t o m  o f  t h e  N i l ,  
group o f  the  m o n o d e n t a t c - c o o r d i n a t e d  d i a m i n e  l igand 
( N i - - N ,  2 . 1 6 8 ( 1 1 )  ,&). T h e  s e c o n d  d i a m i n c  m o l -  
ecule  is t h e ! a t e - b o n d e d  ( N i - - N ( N H 2 ) ,  2 .087(10)  ~ ;  
N i - - N ( N P h H } .  2 .142(10)  A) and is c o o r d i n a t e d  to the  
oppos i t e  metal  t e n t e r .  As a rcsuh ,  both  Ni 11 a t o m s  are in 
an octahedra l  e n v i r o n m e n t  and have 20 -e lec t ron  c o n -  
f igurat ions. 

Af ter  rec rys ta l l Jza t ion  f rom benzene,  c o m p l e x  2 
was c o n v e r t e d  i n t o  the s y m m e t r i c  d i r e c t  

Ni2I(GI-o-(NH2)(NHPh)CsH4i2I.u-OOCCMc3)4 (3)  (see 
S c h e m e  2). A c c o r d i n g  to the  X- ray  d i f f r a c t i o n  da ta  
{Fig. 2. see Table  1), an extrcrncly  shor t  N i . . . N i  d i s t a n c e  
(2.4967(4)  : \ )  is obse twcd  in molecu le  3 (tip) to  no ,a ,  the 
shortes t  k n o w n  N i - - N i  d i s t ance  in thi~ type o f  c o m -  
plexes was 2.609 A; it has  been  fbund by us p r e v i o u s l y  in 
the pyr id ine  de r iva t ive ) .  3 In spite o f  this f ac t ,  a d i rec t  
m e t a l - - r a c i a l  b o n d  in mo lecu l e  3 is a b s e n t  a n d  the  
t ;omplcx is a n l i f c r r o n l a g n e t J c  (see Table I). 

hi gcnelq)l,  c o m p l e x  3 has a typical  " d i m e r i c  l an t e rn"  
s t ruc ture  and  c o n t a i n s  four  virtually equ iva l en t  c a r b o x y -  
Icitc b r i d g e s  ( N i - - O ,  1 .989111- -2 .038(1 )  A; C - - O ,  
1 .25512)--1 .260(2)  .,;\; the  O - - C - - O  anglos  a rc  124,31 I) 
and 124.4(1) ~ a n d  two  apical  n l o n o d e n t a l e  d i e m ( n o  
ligands l inked l h r o u g h  Ihc more  rigid NH 2 g r o u p  ( N i - - N ,  
2.t)3,~(1) A: the N - - N i . . . N i  angle is 177.55(4)~ 

To sun lmar izc ,  t h e  c o n v e r s i o n  path ,  vi.7.., a t r i m c t h y i -  
at.'oiatc n ickel -contaJni l ' ig  potyn ier  ( f l~c)najor  in i t i a l  p rod-  
tit:It --> t c t raMcr  15 _+ a tc lRln ler  ---+ ;111 a s y m m e t r i c  
d imcr  --) a d h n o r  w i th  the " la i l lcr t ] "  str t )ct t i rc,  gives 
prt)mise that the d i rec ted  synthesis o f  such strt, cturcs 
contai)/J)lg d i a m i n e  l igands  may bc p e r f o r m e d .  

E x p e r i m e u t a l  

] h c  synlllt:sJs tif new colnplcxcs was carried ()tit tnldcr an 
all]losphere o f  pure argon with the uxc t>l anhbdrous solvcm~, 
prepared according to Slandard procedures. Phc starling tci- 
ranlcr Ni41 q- '-o-(N H ,)( N I 1Ph )Cstt  at_,( McCN)_>I~ yOH )2I!a- 
OOCCMc3)4fil2-OOCCMc3i2 (I)  was synthesized according Io 
a known procedure. 5 The IR ,,pcctra were recorded cm ;i Specord 
MS0 ilistrunlenl ill Kl~r palleD>. l h c  static magnetic su~,ccpli- 
bilitics 7. 'm were mca';urcd u~ing fhc Faraday method in ih,a 
temperature range of  77--300 K with alt inslrUlllCill :l[ lhc 
Kurnakm' hlstitutc of  General and Inorganic ChcmislU of  the 
Rusy;ian Academy of  Sciences. 7 ]he  ctiL:ctivc magnclic nlo- 
mcnts were c,ilcukiied according It) lhc following formul'u 

u:,:l = (8Z(,7")1.."2. 

S y n t h e s i s  of t h e  c o m p l e x  N i , [ ( r l 2 - O  - 
( N I h ) ( N l t P h ) C o H . d I ( T I L o - ( N I I ~ ) ( N t l P h ) C ~ H  4J(qe ,g-O,O - 
OOCCMe3)(Ia-O,O'-OOCC,Me,0!( 'q2-OOCCMe3) (2). A pah:- 
green solution of  tclraincr I (I g. 0.S0 minol) in o-xyicnc 
t25  lll[.) WLts reiluxcd top I h. The re,,ulliltg browl).-.~rl2cn 
qOIUIiOI1 Wab COIICCIIII-{IICd IO 5 n iL.  " Ihc l l  ;ill t_'(.ilKli i l l l lOtll l[ o f  
anhydrous hcx:.lilC w:.i,; added ;IF~d lilt rcciction mixlurc was kcpl 
ill --5 "C for OI1r de ' ,  I-Ic:ltJllg o f  The ~;(')hltlt)ll )o -90 c(, 
lo i lowcd by slora~e {Ivcr ;i %ho11 per iod ;.il lhi~ le i l lpcr i i tu fc  
cil}brdt_-d pale-green cry,;hlls of Ct)l'llpi~2x 2 suilablc for X-rtiy 
dll'lTaetion analysis. The yield wa.s 0.4 g (28%) Found (%1: 
C, 59.9: H. 6.5; N. 6.5. C.lall~,nN1Ni,Oa. Caleulalcd (%): 
C, 5935; H. 6.70; N. 6.29. IR. k,'Iclll-I: 3352 I11, 3334 m. 
3320 m. 3246 m, 31)4X v,  2960 m. 2936 m. 2,',164 w. 16~,4 s, 
IN)0 vs.  1585 s, 1498 s, 1441) s, 145b m. 141b ";, 1360 ,,. 
1296 m, 1224 m, 12its m. 10,<'I0 s. 1016 s, ,%;0 w. 792 s, 744 v.~, 
696 va. 60S m, 756 w, 5,14 w, 4SS m, 416 m 

S y n i h e s i s  o f  the  c o m p l e x  N i z l ( r l l - o  - 
C ~ , H a ( N I I 2 ) ( N I I P h ) I , ( p . - O O C C M e 3 )  4 (3). Rccust:flliz:nion or 
temple 's  2 ((} 23 g) l;'om bcnzcfic t25 mL) afforded green 
crystal>, of  coillpt')tnld ] ;is LI :4oivatc with a benzene itlolcctiic ill 
a yield of  0.2(1 ',4-' (,";7%) Found (%): C, 62.3; H, t~.6: N. 5 9  
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C ( 1 ) _ _ ~  . '" N / ]: 
t l ( l a )  ' ,it)ill ~ , ~ . :  ~ ,,.C(3)." 
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Fig. 2. Slruclurc of dimeric c,.)nlffle\ 3 wiih l i l t  "China-lantern" smicturu. 
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Tall lc  2. C:ryst:illographic pararnctcrs of cclrboxyl:ltc complexes  
2 .lnd 3 �9 C(,I-tl, 

Ptlr:lniclcr 2 3 " CI, I-I. 

Molecular  (orrnuta C441-t6o N4 Ni20>; Csull61,N-Ni,Os 
Sp:lcc g roup  P&'n PI 
a/.X, 25.758(7} 9.247l II 
6/A 16.832{4) 11.665{21 
c/..7~ 24.551(7) 12.553(2) 
c~/dcg 90 91.594l 3 ) 
13/dog 90 107.717{ 3 ) 
7/deg 90 107.632{3) 
1"/..\ 3 I l )645(5)  121 ,~ ,4( 3 i 
Z 8 I* 
Pc,lUg crn-" I . I I1 1 309 
w ' cn l -  1 0.753 0.824 
I'{:idiation Mo-Ko. (7. = (}.71(}73 A) 
0-20 scanniilg i'angeidcg 3--61) 2--60 
NUillhCr of" illdCpclldt211! 6.527 61t}4 

rc f icct ions 
N u m b e r  of rcllcctions 4255 5782 

with I > 4,7 
Weight ing  schr I~-I = ,72(/-'} + )...,44/" "" Unit ~eigllts 
R I 00921 0.0334 
.'R} {}. I S22 00935 

* The Illolccule is totaled ill lhc cryslMlogr;iphic invcNon 
t~t.'ll I C I'. 

CmI-II,{,N4Ni2O s. Caleulalcd l%): C. 62.01; H. 6.N7; IN, 5.78. 
I R - .  V i C i l I - I :  3344 m. 3256 hi, 2960 m, 2928 m. 2,f(}4 w. 
1672 w. 16(}8 v.s, 1592 v.s, 1496 s. 148t} s. 142:1 ~. 137{} m, 
1360 m, 13(}4 Ill, 1246 w. 1224 m. 1056 s. 880 in. X(}i} m. 
774 v.s, 696 s, 680 m, fi4X ~.  {}16 m, 576 m. 448 hi, 464 w. 44{} w. 

X - r a y  diffraction study. Crystal~ o f  c o m p l e x e s  2 ;llld 3 
suitable for X-ray diffraclioil '-;Iudy were prepared as described 
above. The X-ray infcnsily tlala >cts wcrc ct}llccletl t}n u Ilrukcr 
AXS S M A R T  1000 dil}]'aClOlllcter equipped with a COD dctcc- 
Ior (,graphite rlioitoclnromatt}r, I i i )  K, t,) scallning technique, 
be;All s t e p  ~,'[IN {).3 ~ t'f:ll]lCS ~,vcrc exposed ior 31} sl tlSillg :1 
>tandard procedure. 8 l h c  semicinpir ical  absorption correction 
wax applied.  9 The crysl;ilhigraphic paramcrcr ,  and selected dc- 
taib, of  the rcl]nemcnt of  both structt~rcs are given in Table 2. 

-lhc s;truclures ot both COlllplcxc'; WCl'e solved hy direct 
me thods  and refined by the full-na,itrix lcast-squarc,~ nmthod 
with anisotropic thermal par:lmctcrs for all nonhydrogen ;itolyix. 
Tile po.~itions t}l tile hydroEcil 81{llIIs O f  lhc /ert-bul'.l ~,,t lbSli l t l- 

t i l ls of the pival:.llc lig:lnds and tile phons1 rJllg.,, of IlK' coordi- 
llatcd d iaminc  molecules were calcula lcd gconietrically and 
refined us ing the riding model.  "1 he positions of  the hydrogen 
alOlns of  the  NH and NI-I 2 group~, of the ligtulds were located 

t"1"Oill dii lerencc Fourier syuthcscx and refined isotropically. All 
c:flculalions were carried {}tit wilh lhc  uxc oi the S t lELX97  
progr:.u-n package, I0 Th..' Inain geornctric txiranleicrs of the 
conlplcxcs ellt_' given in lahk' I. 

X - ray  d i f f rac t ion analysis was performed in ihc Co l l -  
ier  o f  X - r a y  D i f f r a c t i o n  S t t ld ics  tA.  N. N c s r n c y : u m v  

Inst i tute o f  Orgzuloclcmenl Compounds ,  Russian Acad -  
emy o f  Scierlccs}. 
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